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THE ORBITING CARBON OBSERVATORY-3 (OCO-3) 

MISSION OVERVIEW

OCO-3 is a NASA-directed climate mission on the 

International Space Stationôs (ISS) Japanese 

Experiment Moduleôs Exposed Facility (JEM-EF).  

Primary Mission Objectives: Collect the space-based 

measurements needed to quantify variations in the 

column averaged atmospheric carbon dioxide (CO2) dry 

air mole fraction, XCO2, with the precision, resolution, 

and coverage needed to improve our understanding of 

surface CO2 sources and sinks (fluxes) on regional 

scales (Ó1000 km). 

OCO-3 Column from ISS

OCO-3 Context image over Los Angeles Basin

OCO-3 measures CO2 over latitudes between +/- 52º

OCO-3 Instrument

OCO-3 is a hosted instrument payload built around the 

spare OCO-2 flight instrument. 

Key Payload Features:

ÅThree Spectrometers measure small wavelength bands 

(Weak CO2, Strong CO2 and Oxygen O2) from the 

spectrum, each specific to one of the three 

spectrometers.

ÅAn agile two-axis Pointing Mirror Assembly system 

allows for a much more dynamic observation mode 

schedule.

ÅA Cryocooler allows for obtaining precise measurements 

by eliminating any sources of thermal instability for the 

instrument.

ÅAn internal context camera co-boresighted with the 

instrument provides visible imagery to calibrate 

instrument pointing during in-orbit checkout, and an 

external context camera provides a wider field of view 

for ICC image geolocation purposes

This document has been reviewed and determined not to contain export controlled 

technical data. 
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ELEMENTS OF OCO-3 MISSION AND 

THE PRE-LAUNCH V&V PROGRAM

The System Verification activities were 

performed to confirm that the OCO-3 

instrument hardware/software agrees with 

the qualified design and requirements, is 

free of defects (or defects are known, 

assessed, and workarounds identified), 

and is acceptable for use. These activities 

ensured that the flight hardware is 

compatible with all anticipated 

environments via a suite of environmental 

tests that included Electromagnetic 

Interference / Electromagnetic 

Compatibility (EMI/EMC) tests, flight 

dynamics tests, and thermal balance 

checks within Thermal Vacuum Chamber 

(TVac) tests.    

The System Validation activities 

were performed on the OCO-3 

instrument to confirm its overall 

mission integrity and performance for 

nominal and off-nominal operations. 

These were implemented through a 

series of flight-like Operational 

Readiness Tests and End to End 

Information Systems Tests. OCO-3 Mission Elements
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OCO-3 getting ready for TVAC Test at JPL

OCO-3 VERIFICATION ACTIVITIES

First light spectrum obtained from OCO-3 

onboard ISS on June 26th, 2019 (Normalized 

radiance vs wavelength bands of O2 (top), 

weak CO2 (mid) and strong CO2 (bottom))

THERMAL VACCUM CHAMABER (TVAC) TESTS 

A set of TVac tests during which instrument calibration and performance characterization were performed 

prior to launch. All of these TVac tests were performed at both the maximum and minimum operating 

temperatures expected during flight on ISS. Additionally, a heliostat was used to direct sunlight into the 

thermal vacuum chamber and illuminate and test the instrument in a flight-like operating environmental 

condition.

Å TVAC 0 was performed early in the OCO-3 project to verify the post-storage performance of the OCO-

2 flight-spare. 

Å TVAC 1 was to verify that the spectrometer meets performance requirements following the addition of 

the OCO-3 entrance optics and aperture stop. The Thermal, PCS, PMA, and electronics and Flight 

Software functionalities were confirmed and an instrument performance baseline was established 

prior to environmental testing.

Å TVAC 2 was performed to:

Å verify and validate the instrument performance, collect calibration data, and thermal balance 

verification of the fully integrated OCO-3 instrument. 

Å Heliostat data was collected to acquire solar spectra and support closure of instrument 

performance and calibration algorithm requirements. Data obtained from this test also served to 

form the basis for comparison with spectra obtained from ISS. 

Å TVAC 3: 

Å During TVac 2, it was discovered that onboard the calibration lamps were saturating the 

detectors in the Weak (partially) and Strong CO2 channels (completely) resulting in some 

unverified Calibration requirements. This problem would have severely limited our ability to 

evaluate radiometric changes in flight. To mitigate the risks posed by this problem, an 

attenuator mesh was installed in the calibrator. 

Å The final test, TVac 3 verified that these modifications worked successfully, hence establishing 

an optimal confidence in instrument performance before shipping it for launch.

This document has been reviewed and determined not to contain export controlled 

technical data. 
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OCO-3 VERIFICATION ACTIVITIES

DYNAMICS TESTS 

Å Random Vibration (RV) testing in launch configuration demonstrated that the instrument 

design can tolerate launch environments. 

Å Acoustics testing was performed at proto-flight levels on OCO-3 to qualify the instrument for 

flight acoustic environment and verify the alignment of optical elements before and after the 

applied acoustic tests.

INSTRUMENT POINTING TEST
Å An End-to-End Pointing test was conducted on a fully integrated payload to check the 

instrumentôs ability to align and point accurately and identify and determine the necessary 

corrections in the presence of target errors or post-launch misalignments. 

Å The ICC and metrology targets were utilized during this test to get an initial understanding of 

target errors that could be fixed using a correction table upload technique. A metrology laser 

tracker was used to accurately locate a target in the OCO-3 reference frame. 

EMI/EMC TESTS
Å The Electromagnetic compatibility (EMC) testing ensured that the generation, propagation and 

reception of unwanted electromagnetic energy (Electromagnetic Interference, or EMI) is at 

acceptably low levels. 

Å OCO-3 EMI/EMC tests, such as electrical grounding, isolation and bonding, DC magnetics, 

electric field radiated emissions, AC magnetics fields, radiated electric field susceptibility, and 

self-compatibility, were conducted under ambient temperature and pressure and results were 

well within nominal levels. OCO-3 going through EMI/EMC Tests

OCO-3 on Random Vibe Table

This document has been reviewed and determined not to contain export controlled 

technical data. 
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OCO-3 VALIDATION AND LAUNCH ACTIVITIES

ÅThe End to End Information Systems (EEIS) compatibility and data flow tests 

were executed to test mission planning, observation scheduling, command 

and telemetry flow through HOSC to/from payload using ISS simulated 

interfaces and validated science data product generation. These tests were 

performed incrementally in distinct phases of development and integration 

(engineering model and flight spare test at NASA JSC and final flight test at 

launch site).

ÅThe Operational Readiness Tests (ORT) were executed under a realistic 

operational environment to validate the end-to-end flight-ground system by 

covering mission-enabling scenarios (e.g., launch operations, orbit checkout, 

science operations) and exercising all elements of the project relevant to the 

tests (Instrument, Payload, MOS and SDOS).

ÅA safe arrival test and limited functionality test were performed 

on the instrument. 

ÅAn end to end data compatibility test was then conducted to 

confirm the ability to send commands from JPL via the ISS data 

loop to OCO-3 at KSC and receive telemetry and science data 

back, demonstrating that the data format, path, MOS and ISS 

tools are worked as expected just prior to launch. 

OCO-3 Payload
Installation on

ISS JEM-EF
SpaceX Dragon

Transfer Vehicle Falcon-9 LV

The OCO-3 instrument was transported to ISS on May 4th, 2019 

via the SpaceX Dragon on a Falcon 9 from NASA KSC and then 

robotically installed on ISS's JEM-EF two days later.

OCO-3 VALIDATION ACTIVITIES

PRE-LAUNCH ACTIVITIES AT NASA KSC
ORT Test Elements

EEIS Test Elements
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